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DEVELOPMENT OF A LOW-COST VIRTUAL REALITY WORKSTATION
FOR TRAINING AND EDUCATION
1. INTRODUCTION
Virtual Reality (VR) is a set of breakthrough technologies that allow a human being
to enter and fully experience a 3-dimensional, computer simulated environment. A true
virtual reality experience meets three criteria:
1. It involves 3-dimensional computer graphics.
2. It includes real-time feedback and response to user actions.
3. It must provide a sense of immersion.
Good examples of a virtual reality simulator are the flight simulators used by all branches
of the military to train pilots for combat in high performance jet fighters. The fidelity of
such simulators is extremely high -- but so is the price tag, typically millions of dollars.
Virtual reality teaching and training methods are manifestly effective, but the high
cost of VR technology has limited its practical application to fields with big budgets,
such as military combat simulation, commercial pilot training, and certain projects within
the space program. However, in the last year there has been a revolution in the cost of
VR technology. The speed of inexpensive personal computers has increased
dramatically, especially with the introduction of the Pentium processor and the PCI bus
for IBM-compatibles, and the cost of high-quality virtual reality peripherals has
plummeted. The result is that many public schools, colleges, and universities can afford a
PC-based workstation capable of running immersive virtual reality applications. My goal
this summer was to assemble and evaluate such a system.
2. THE PC VIRTUAL REALITY STATION
The first point in the 3-point definition of Virtual Reality, above, involves 3D
computer graphics. The rule of thumb in digital video is that an animation must run at
least 15 frames/sec to appear smooth to the human eye, so I adopted 15 frames/sec as a
benchmark for evaluating PC performance. I benchmarked four different PC systems
using the Sense8 WorldToolKit software to render a virtual reality scene consisting of
approximately 750 polygons. The results for shaded and shaded+textured polygons are
tabulated below. Only the Pentium systems gave frame rates for complicated simulations
that were above 15 frames/s. A comparison of the two 486-based systems shows similar
frame rates despite the factor of two difference in system RAM. In fact, the 80 MHz
system with only 8MB of RAM outperformed the 66 MHz system with 16 MB RAM by
a factor of 1.21, almost exactly the ratio of the clock speeds. The relative frame rates of
the two Pentium systems also scaled with clock speed, the 120 MHz system being about
25% faster than the 90 MHz system. (Note, however, that the 120 MHz Pentium had a 4
MB graphics board while the 90 MHz system had a 2 MB board.)
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